During a series of epidemiological studies to investigate the transmission of salmonellae within poultry 22 environments, intensive longitudinal sampling within caged sheds revealed that both the number and 23 location of sample collection within this environment were important to ensure the best chance of 24 detecting Salmonella spp. Multiple serovars of Salmonella enterica subspecies enterica were detected in 25 each shed; 5% of all samples contained more than one serovar. Samples collected on the north side of 26 the shed (OR =1.77, 95% CI [1.17, 2.68]), on the sheltered side of the shed (OR = 1.90, 95% CI [1. 26, 2.89]) 27 and during winter (OR = 48.41, 95%CI [23.56, 104.19]) were more likely to be positive for salmonellae.
INTRODUCTION 43
The routine surveillance for salmonellae in poultry typically involves environmental sampling 44 because it has long been established as both the most cost effective and sensitive method for detection
45
(1) when compared to individual bird sampling (2) (3) (4) . Environmental sampling is indicative of flock 3 the combined sampling method was high regardless of the serovar. However, the positive predictive value of the sampling method differed between S. enterica serovars, with the probability of detecting S. 7 positive for S. enterica varied by time (sampling event) with samples collected on the first sampling event significantly more likely to be positive than those collected later in the sampling period (TABLE S5) .
162
Those sheds with fewer positive sampling events had fewer S. enterica positive samples. In sheds 163 A and C (high environmental prevalence sheds) any combination of boot or dust sample would have 164 detected that these were sheds positive for S. enterica on any sampling event. Whereas in sheds B or D 165 (low environmental sample prevalence sheds) fewer than half the samples were positive on any sample 166 event regardless of the sample type. Only by combining the results of each sample type on each sampling 167 event did the probability of detecting S. enterica increase, 9-to 12-fold in sheds B or D respectively.
168
There was a significant difference between locations within a shed for the detection of S. enterica 169 (c 2 (27, 1,538) = 96.6, P < 0.001). Samples taken on the north side of the shed (OR = 1.95, 95% CI [1.54-170 2.49]), and those collected from locations between sheds were more likely (OR = 1.92, 95% CI [1.52the serovar (Table S6 ). S. Typhimurium was more likely to be found in 7 of the 28 locations (c 2 (27, 1, 538) 
174
= 54.4, P < 0.001), and S. Infantis was more likely to be identified in 7 different locations (c 2 (27, 1,538) = 175 79.8, P < 0.001). The detection of a S. enterica positive sample at one location was not influenced by the 176 detection of another positive sample in the same or similar spatial location (spatial autocorrelation, Moran explanatory variables considered for multivariable modelling are summarized in 
184
Two-level hierarchical models with random effects considered to account for both sample event-185 and shed-level effects were built. The final most parsimonious model accounted for the difference in the 186 shed-level effects as a fixed term, as there was no significant difference between the two models when goodness of fit test was significant at small values of g = 5 to 10 (c 2 (3) = 2.18, P = 0.54, and c 2 (8) = 13.85, The sensitivity and specificity of the model was estimated as 0.87 and 0.77 respectively. The area 
198
than any other sample type. As each sample type was collected by location it could be interpreted as a 199 proxy variable for location. Individual weather variables were not significant in the final model (TABLE S9) 200 but the effect of season was very important as samples collected in the winter months (P <0.001) were 201 more likely to be positive than those collected in other season.
202

DISCUSSION 203
This study investigated the performance of environmental sampling for the detection of 204 salmonellae in caged environments under Australian environmental conditions. Sample size estimations 205 demonstrated that at least 28 samples were required to detect salmonellae at a design prevalence of 1% 206 with an imperfect test. As individual bird sampling for salmonellae is known to be less sensitive than 207 environmental sampling (4), the number of birds to sample was estimated using the strictest criteria, 208 proof of freedom of disease. This comparison (bird vs environment) was made to demonstrate the relative 209 efficiency of environmental sampling versus individual bird sampling as a screening tool.
210
Both the logistics and practicality of selecting and testing hundreds of birds from each flock at 211 regular intervals throughout production precludes this from being a real option for routine surveillance 212 purposes. It also highlights that the number of samples (birds) required at very low flock prevalence is 213 greater than the design criteria when using an imperfect test. Under these environmental conditions it is 214 impossible to sample sufficient birds to determine the lowest flock prevalence of 1 positive unit per 100 constructed of a polyethylene plastic material and this may have hindered detection, because the surface 275 is prone to rapid drying and may not be a suitable environment for long term survival. Also, it is likely that 276 insufficient egg belt surfaces were swabbed. The egg belt is the only surface in these sheds that was not 277 as readily cross contaminated with dust or environmental material as the other exposed surfaces because 278 it is protected from above.
279
A number of other potential factors were deliberately not included in this study but may affect 280 the presence of S. enterica within the shed as a consequence, or reflection of, bird stress. The higher 281 prevalence of positive environmental samples on northern or sheltered aspects (hotter in southern 282 hemisphere) of the shed may be an indicator of increased stress in the flock, with consequential increased 283 shedding in that part of the flock, or it may indicate preferential long term survival of salmonellae under 284 those environmental conditions. Unfortunately, internal shed environmental records were only available 285 for the whole shed, rather than for specific areas of the shed, so these effects could not be investigated 286 further.
287
These findings are particularly relevant to other housing designs, such as aviary housing where 288 birds may be housed freely but have both vertical and horizontal access within a shed environment, in a 289 similar organisational arrangement to birds in caged sheds, which makes sampling individual birds 290 significantly more challenging. The sampling principles as those described here are easily applicable to 291 these environments with the exact same sampling considerations applied to the space.
CONCLUSION 293
This study confirmed that the number of samples chosen is important for S. enterica detection, 
300
S. enterica serovars were detected in different spatial locations within the shed indicating that 12 detection. All these factors should be taken into account, when designing a surveillance strategy for the 303 detection of salmonellae in caged flocks. In sheds of this type, multiple samples should be collected from 304 different areas, preferable in close contact with the birds, focusing on manure belts, dust and boot swabs.
305
If resources limit the number and type of sample that can be collected and processed, then boot swabs 306 are a good first choice of sampling material. Regardless of the sample type chosen, sampling must be 307 conducted to ensure that the whole shed space is sampled as homogeneously as possible. 
